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,QWURGXFWLRQ
*HQHUDOO\PHWDOOLFLPSODQWVVXFKDVERQHSODWHVQHHGJRRGVXUIDFHPLFURWRSRJUDSK\IRUERQHFHOOVDWWDFKPHQW
DQGSUROLIHUDWLRQ>@*RRGWKUHHGLPHQVLRQDO LPLWDWLRQRIQDWXUDOERQHVWUXFWXUHPD\LPSURYHLPSODQWDWWDFKPHQW
DQG H[SHGLWH WKH KHDOLQJ SURFHVV >@ 7R REWDLQ WKH VWUXFWXUH DQG VXUIDFH PRUSKRORJ\ LQYHVWPHQW FDVWLQJ ZDV
FRQVLGHUHGIRUWKHUHSOLFDWLRQRIVSHFLILFDQGFRPSOH[VKDSHVRIUHDOERQH6HYHUDONH\SDUDPHWHUVPXVWEHLGHQWLILHG
LQRUGHUWRFDVWVXFFHVVIXOO\WKHVHERQHLPSODQWVZLWKJRRGPHFKDQLFDOSURSHUWLHVDQGPLQLPDOVXUIDFHUHDFWLRQV
,QWHUPRIPDWHULDOWLWDQLXPDQGWLWDQLXPJURXSDOOR\VDUHKLJKO\XVHIXOIRULQVWDQFHLQDXWRPRWLYHDQGDHURVSDFH
LQGXVWULHV EHFDXVH RI WKHLU KLJK VWUHQJWK OLJKW ZHLJKW DQG ORZ PRGXOXV RI HODVWLFLW\ >@ 0RUHRYHU WKHLU
ELRFRPSDWLELOLW\ DQG H[FHOOHQW FRUURVLRQ UHVLVWDQFH PDNH WKHP SUHVHQWO\ KLJKO\ SUHIHUUHG LQ PHGLFDO DQG GHQWDO
ILHOGV>@&DVWLQJWLWDQLXPKRZHYHULVDFKDOOHQJLQJSURFHVVGXHWRLWVKLJKPHOWLQJWHPSHUDWXUHDQGLWVWHQGHQF\WR
UHDFW ZLWK QHDUO\ HYHU\WKLQJ >@ )RU LQYHVWPHQW FDVWLQJ UHDFWLRQ ZLWK DWPRVSKHUH FUXFLEOH DQG LQYHVWPHQW
PDWHULDOPXVWEHFRQVLGHUHG0DQ\W\SHVRIFUXFLEOHVLQYHVWPHQWVRUSURWHFWLYHFRDWLQJVKDYHEHHQGHYHORSHGDQG
XVHG>@KRZHYHUWKH\DUHH[SHQVLYHDQGVXSSOLHUVDUHOLPLWHG2WKHUPDQXIDFWXULQJWHFKQLTXHVIRUWLWDQLXPDUH
SRVVLEOH IRU H[DPSOH PDFKLQLQJ UDSLG SURWRW\SLQJ ODVHU VLQWHULQJ +RZHYHU PDQ\ RI WKHVH WHFKQLTXHV DUH
W\SLFDOO\PRUHH[SHQVLYHDQGWLPHFRQVXPLQJWRPDQXIDFWXUH
7KLVUHVHDUFKIRFXVHGRQVROYLQJ OLPLWDWLRQVDQGGHYHORSLQJKLJK WHPSHUDWXUHDQGKLJKUHDFWLYLW\DOOR\FDVWLQJ
SURFHVV 7KH LGHDZDV WR XVH ORZHUPHOWLQJ SRLQW DOOR\ IRU UHGXFHG FDVWLQJ WHPSHUDWXUH LQVWHDG RI FRQYHQWLRQDO
PHWKRGVZKLFKIRFXVHGRQGHYHORSLQJZLWKVWDQGLQJPDWHULDOVIRUFUXFLEOH>@ZD[FRDWLQJ>@DQGRU LQYHVWPHQW
DGGLWLYHV >@5HDFWLRQ OD\HU UHVXOWV IURP WKH FDVW SLHFHVZHUH FRPSDUHG DQG UHDO ERQH FDVWLQJZDV VWXGLHG7KH
PHWKRGRORJ\ LV VKRZQ LQ )LJ  VWDUWLQJ IURP PHWDOV DQG DOOR\V SUHSDUDWLRQ FUXFLEOH DQG LQYHVWPHQW PRXOG
SUHSDUDWLRQFDVWLQJDQGFKDUDFWHUL]DWLRQ7KH7L=U&X3GDOOR\UHFLSH>@LQSDUWLFXODULVDEXONPHWDOOLFJODVV
IRUPLQJFRPSRVLWLRQZKLFKVXJJHVWHGSRVVLEOHPRGLILFDWLRQWRWKHSURFHVVWRYLWULI\WKHDOOR\LQRUGHUWRDFFRPSOLVK
WKHVXSHULRUPHFKDQLFDOSURSHUWLHVRIPHWDOOLFJODVVHVVXFKDVVXSHULRUVWUHQJWKDQGVWUHQJWKWRZHLJKWUDWLRJRRG
IDWLJXHUHVLVWDQFHDQGUHVLVWDQFHWRZHDUDQGFRUURVLRQ>@


)LJ5HVHDUFKPHWKRGRORJ\
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0DWHULDOVDQG0HWKRGV
3XUH WLWDQLXP 7PaR& HXWHFWLF7L&XDOOR\DWZWFRSSHU 7PaR& DQG7L=U&X3GDOOR\
7L=U&X3G 7P a R& ZHUH XVHG $OO DOOR\V ZHUH PHOWHG DQG PL[HG WRJHWKHU XQGHU KLJK SXULW\ DUJRQ
DWPRVSKHUHXQWLOWKHLUFKHPLFDOFRPSRVLWLRQEHFDPHKRPRJHQHRXV:D[SDWWHUQVZHUHPDGHE\ZD[LQMHFWLRQLQWR
VLOLFRQHPRXOGRIUHFWDQJXODUSDWWHUQ[[PPDQGHDFKSUHSDUHGWUDEHFXODUERQHVDVVKRZQLQ)LJZHUH
DWWDFKHG WR RQH VLGH RI HDFKZD[ WUHHV &DUERQIUHH SKRVSKDWHERQGHG FDVWLQJ LQYHVWPHQW )XMLYHVW ,, *&$VLD
'HQWDO37(/WGPL[HGZLWKPDQXIDFWXUHUVXSSOLHGVROXWLRQDW VSHFLILF LQGLFDWHG/3UDWLRZDVSRXUHG LQWRHDFK
SUHSDUHGERQHZD[ WUHH IODVNDQGILUHGDWR&IRURQHKRXU$IWHU ILULQJPDWHULDOV LQQR]]OHGTXDUW] WXEHZHUH
LQGXFWLYHO\ PHOWHG DQG TXLFNO\ LQMHFWHG E\  3D SUHVVXUH RI KLJK SXULW\ DUJRQ LQWR WKH LQYHVWPHQWV 7KH
LQYHVWPHQWVZHUHVXEVHTXHQWO\FRROHGGRZQXQGHUDUJRQDQGWKHQZDWHUTXHQFKHG
$OOVDPSOHVZHUHFURVVVHFWLRQHGDQGWKHQSROLVKHGE\HPHU\SDSHUVDQGDOXPLQDXSWRPLFURQV5HDFWLRQ
OD\HUVZHUHLQYHVWLJDWHGE\VFDQQLQJHOHFWURQPLFURVFRSH6(0-(2/-60+DUGQHVVSURILOHVZHUHWHVWHG
E\ PLFURYLFNHUV 09.+ 0LWXWR\R XVLQJ D  NJI IRUFH DQG OLQH VFDQ DQDO\VLV 3KDVH PRUSKRORJ\ DQG
LGHQWLILFDWLRQZHUHFKDUDFWHUL]HGE\HOHFWURQSUREHPLFURDQDO\]HU(30$-(2/-;$LQFRQMXQFWLRQZLWK;
UD\GLIIUDFWLRQ ;5'%UXNHU$;6 DQG(QHUJ\'LVSHUVLYH;5D\6SHFWURPHWHU ('62[IRUG0RGHO/LQN ,6,6
6HULHV
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)LJD3UHSDUHGWUDEHFXODUERQHDQGEKLJKHUPDJQLILFDWLRQRSWLFDOLPDJHVKRZLQJFHOOXODUVWUXFWXUH
5HVXOWVDQGGLVFXVVLRQ
&URVVVHFWLRQDQDO\VLVRIFDVWVSHFLPHQV
)URP6(0FURVVVHFWLRQLPDJHVDVVKRZQLQ)LJUHDFWLRQOD\HUVRIGLIIHUHQWFDVWLQJPDWHULDOVVKRZHGFOHDUO\
GLIIHUHQWWKLFNQHVVHV,Q)LJDDVLQGLFDWHGE\PDUNHUEDUWKHODUJHVWUHDFWLRQOD\HUWKLFNQHVVRIPLFURQVZDV
IURPSXUHWLWDQLXPFDVWLQJ,QWHUPHGLDWH WKLFNQHVVRI WKHUHDFWLRQOD\HUZDVREVHUYHGLQ WKH7L&XHXWHFWLFZKLFK
ZDVDERXWPLFURQVDVPDUNHGLQ)LJE7KHWKLQQHVWUHDFWLRQOD\HUZDVOHVVWKDQPLFURQVIURPWKHFDVWLQJRI
7L=U&X3G DOOR\ VKRZQ LQ)LJ F7KHVH6(0 UHVXOWV FRQILUPHG WKH WUHQG WKDW WKH DOOR\VZLWKKLJKHUPHOWLQJ
SRLQWSURGXFHGODUJHUUHDFWLRQOD\HUV
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
)LJ%DFNVFDWWHUHGFURVVVHFWLRQLPDJHVRIDSXUHWLWDQLXPE7L&XDQGF7L=U&X3G
7KHKDUGQHVVUDQJHVZHUHVLJQLILFDQWO\GLIIHUHQWEHWZHHQWKHWKUHHPDWHULDOVDVVKRZQLQ)LJ7KHPD[LPXP
KDUGQHVVUDQJHZDVIURPSXUHWLWDQLXPFDVWLQJLQ)LJDDWDERXW±+9FRPSDUHGWRWKHLQWULQVLFKDUGQHVV
RI+9RISXUHWLWDQLXP7KHZLGHUDQJHRIKDUGQHVVZDVIURPWKHLQKRPRJHQHLW\QDWXUHRIWKHUHDFWLRQ]RQHDV
WKHPHDVXUHPHQWVFRXOGEHREWDLQHGIURPYDULRXVIHDWXUHVVXFKDVLQYHVWPHQWSURGXFWSRURVLW\DVZHOODVUHDFWLRQ
]RQH SKDVHV EHWZHHQPHWDO DQG LQYHVWPHQWPDWHULDO )RU7L&X HXWHFWLF DQG7L=U&X3G KDUGQHVV UDQJH YDOXHV
ZHUHDERXW+9DQG+9UHVSHFWLYHO\7KHKDUGHQHGOD\HUIURPWKHVXUIDFHREVHUYHGIURPKDUGQHVVSURILOHRI
319 Nutnicha Teng-amnuay et al. /  Procedia Technology  12 ( 2014 )  316 – 322 
7L&XLQ)LJEZDVPRUHWKDQPLFURQVZKLOH7L=U&X3GZDVOHVVWKDQPLFURQVDVVKRZQLQ)LJF7KH
UHVXOWFRUUHVSRQGHGZLWKWKHUHDFWLRQWKLFNQHVVREWDLQHGIURPWKH6(0UHVXOWV
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)LJ+DUGQHVVSURILOHVRIDSXUHWLWDQLXPE7L&XDQGF7L=U&X3G
/LQHVFDQUHVXOWVRIDOOVDPSOHVLQ)LJVKRZHGWKDWWKHUHDFWLRQSKDVHVZHUH7L27L6LDQG=U2FRPSRXQGV
ZKLFKZHUHLGHQWLILHGDV7L27L27L6LDQG=U2)URP)LJDWKHWKLFNQHVVRISXUHWLWDQLXPUHDFWLRQOD\HUZDV
RI WKH RUGHURI PLFURQVZKLFK DJUHHGZLWK WKH UHDFWLRQ WKLFNQHVVREWDLQHG IURP WKH6(0UHVXOW0RUHRYHU
VLOLFRQHOHPHQWZDVIRXQGWREHKLJKO\GLVVROXWHGLQWKHPDWUL[LQWKHUDQJHRIPLFURQV,Q7L&XHXWHFWLFDV
VKRZQLQ)LJEWKHWKLFNQHVVRIWKHUHDFWLRQOD\HUZDVDSSUR[LPDWHO\PLFURQV)RUWKH7L=U&X3GLQ)LJF
WKHWKLFNQHVVRIWKHUHDFWLRQOD\HUZDVRQO\PLFURQV7KHUHDFWLRQOD\HUWKLFNQHVVIURPERWK7L&XHXWHFWLFDQG7L
=U&X3GZHUHPDWFKZLWKWKH6(0WKLFNQHVVDQGKDUGQHVVUDQJHUHVXOWV
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
)LJ/LQHVFDQRIFURVVVHFWLRQRIDSXUHWLWDQLXPE7L&XDQGF7L=U&X3G
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0LUFURDQDO\VLVUHVXOWVXVLQJ(30$DUHVKRZQLQ)LJ(30$DQG('6UHVXOWVRQFURVVVHFWLRQVRI7L&XDQG
7L=U&X3GFDVW VDPSOHVDOVRFRQILUPHGILQGLQJVRI7L27L6LDQG=U2FRPSRXQGVZKLFKZHUH LGHQWLILHGDV
7L27L27L6LDQG=U2SKDVHVFRUUHVSRQGLQJWROLQHVFDQUHVXOWV7KH7L6LSKDVHZDVIRXQGDVWKLQOD\HURQ
WRSZLWKVPDOOSKDVHRI=U2IROORZHGE\7L2DQG7L2UHVSHFWLYHO\)RUWKHPDWUL[RI7L&XHXWHFWLFIURP)LJD
IRXQG7L&XZLWKKLJKWLWDQLXPFRPSRVLWLRQVPHGLXPSKDVHZKLFKFRXOGEH&X7LSKDVHIURP('6DQDO\VLVDQG
WKHEULJKWPDWUL[VKRXOGEHWKH7L&XHXWHFWLFIURPERWK(30$DQG('6VSRWDQDO\VLV7L=U&X3GPDWUL[SKDVHV
IURP (30$ DV VKRZQ LQ )LJ E ZHUH 7L&X GDUN SKDVH &X3G EULJKW SKDVH DQG WKH UHVW ZHUH 7L&X=U
FRPSRVLWLRQJUH\PDWUL[3KDVHLGHQWLILFDWLRQE\('6VKRZQWKDWWKH\VKRXOGEH&X7L&X3GDQG&X7LSKDVHV
UHVSHFWLYHO\ZKLFKFRUUHVSRQGLQJWRW\SLFDOSKDVHVIRXQGLQWKLVDOOR\V\VWHP>@

D

E

)LJ(30$RIFURVVVHFWLRQRID7L&XDQGE7L=U&X3G
;5' DQDO\VLV RI VXUIDFH UHDFWLRQ VLGHV LQ )LJ  VKRZHG WKDW WKH PDMRULW\ RI WKH SKDVHV DUH LQYHVWPHQW
FRPSRVLWLRQVDQGUHDFWLRQFRPSRXQGVRIPDLQO\7L27L27L6LDQG=U2SKDVHVZKLFKPDWFKWKHOLQHVFDQ('6
VSRWDQG(30$UHVXOWV7KHUHVWZHUHW\SLFDOSKDVHVIRXQGLQHDFKDOOR\V\VWHPV>@2WKHUUHDFWLRQSKDVHVRI
ERWKDOOR\VZHUHKDUGO\IRXQGRUQRWGHWHFWHGE\;UD\GLIIUDFWLRQ
7LWDQLXP FDQ IRUP VHYHUDO VWDEOH R[LGHV IRU H[DPSOH 7L2 7L2 DQG 7L2 $OO RI ZKLFK 7L2 LV WKH PRVW
FRPPRQRQH>@1HYHUWKHOHVV7L2ZDVDOVRIRXQGEHORZWKH7L2UHDFWLRQOD\HURIERWK7L&XDQG7L=U&X3G
VXJJHVWLQJGHILFLWR[\JHQFRQWHQWMXVWEHORZWKHUHDFWLRQ]RQH7L6LIRUPHGE\FRQVXPLQJPDLQO\6LDQG3>@
DQGWKHUHPDLQLQJR[\JHQZDVIRUPHGZLWKFRPSHWLQJ]LUFRQLXPWREHFRPH=U2


)LJ;5'RI7L&XDQG7L=U&X3GIURPUHDFWLRQVLGHV
%RQHVWUXFWXUHGFDVWVSHFLPHQVDQDO\VLV
)LJVKRZVFURVVVHFWLRQLPDJHVRI7L=U&X3GDOOR\VXFFHVVIXOO\FDVWLQWRFRPSOH[WUDEHFXODUERQHVWUXFWXUH
2QWKHFRQWUDU\SXUHWLWDQLXPFDVWLQJKDGH[WUHPHUHDFWLRQDQGFRXOGQRWIRUPFHOOXODUVWUXFWXUHSURSHUO\
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
)LJD&URVVVHFWLRQDQGEEDFNVFDWWHUHGLPDJHVRIERQHVWUXFWXUHG7L=U&X3G
7KH+DUGQHVVSURILOHRIWKHERQHVWUXFWXUH7L=U&X3GLQ)LJ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